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TITLE OF THE INVENTION 



VEHICLE ELECTRO ACOUSTICAL TRANSDUCING 



CROSS-REFERENCE TO RELATED APPLICATIONS 



Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Not applicable. 

BACKGROUND OF THE INVENTION 

The invention relates to audio systems for vehicles, and more particularly to audio 
systems having surround channels and vehicles having passenger seating locations positioned 
one forward of another. 

It is an important object of the invention to provide an improved vehicle audio 

system. 



According to the invention, an audio system for a vehicle having a first passenger 
location and a second passenger location, the second passenger location situated behind the 
first passenger location, includes a first directional audio channel signal source; a surround 
audio channel signal source; and a first electroacoustical transducer coupled to the first 
directional audio signal source and to the surround audio channel source, situated forward of 
the second passenger location and behind the first passenger location. The first 
electroacoustical transducer is for radiating sound waves corresponding to audio signals from 
the first directional audio channel signal source and corresponding to audio signals from the 
surround audio channel signal source. The audio system also includes a second 
electroacoustical transducer coupled to the first directional audio signal source, situated 
forward of the first electroacoustical transducer. The second electroacoustical transducer is 
for radiating sound waves corresponding to audio signals from the first directional audio 
channel signal source. 
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In another aspect of the invention, in a vehicle comprising a first passenger location 
and a second passenger location, the first passenger location situated forward of the second 
passenger location, a method for operating an audio system having a plurality of directional 
audio channel signals and a surround audio channel signal, includes transmitting a first of the 
5 plurality of directional audio channel signals and a surround audio channel signal to a first 
electroacoustical transducer situated forward of the second passenger location and behind the 
first passenger location; and transmitting the first directional audio channel signal to a second 
electroacoustical transducer situated forward of the first passenger location. 

Other features, objects, and advantages will become apparent from the following 
10 detailed description, which refers to the following drawing in which: 




BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagrammatic top elevational view of a vehicle cabin with an audio system 
according to the invention. 

15 With reference now to the drawing and more particularly to FIG. 1, there is shown a 

top elevational diagrammatic view of a vehicle cabin, such as an automobile passenger 
compartment, having an audio system according to the invention. Vehicle passenger 
compartment 10 has a plurality of passenger locations 12 facing in a direction 14 so that 
some passenger locations are situated forward of other passenger locations and, conversely, 

20 some passenger locations are situated behind other passenger locations. In the embodiment 
of FIG. 1, passenger locations 12LF (left front) and 12RF (right front) are situated forward of 
passenger locations 12LR (left rear), 12CR (center rear), and 12RR (right rear). Passenger 
locations 12LR, 12CR, and 12RR are situated behind passenger locations 12LF and 12RF. 
Vehicle passenger compartment 10 further contains an audio system, which includes a 

25 multi -channel signal source 16 which includes output terminals 18L, 18R, 18C, 18LS, and 
18RS for outputting audio channels signals, audio channel signals include directional 
channels L (left), R (right), and C (center), and surround channels LS (left surround) and RS 
(right surround). The suffix of the output terminals 18 designates the audio channel which 
each of the terminals outputs. Situated about passenger compartment 10 are electroacoustical 

30 transducers 20-1 through 20-8, which are coupled to one or more of the output terminals 18 
by processing and coupling circuits 21-1 through 21-8, respectively, which process and 
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transmit audio signals to the electroacoustical transducers. Electroacoustical transducers 
20-1 through 20-8 transduce the audio signals transmitted to them to sound waves (i.e. 
acoustical energy). For clarity, the signal lines coupling the output terminals 18 to the 
processing and coupling circuits are not shown. Instead, the output terminal or terminals 
5 coupled to each processing and coupling circuit are designated by the identifiers 
corresponding to the signal lines coupled to the transducers. 

First transducer 20-1 is positioned to the left of and typically forward of passenger 
location 12LF, such as in the front left car door and is coupled by processing and coupling 
circuit 21-1 to output terminal 18L, which outputs the left audio channel. Second transducer 
10 20-2 is positioned in the front center of the passenger compartment, such as in the center of 
the dashboard, and is coupled by processing and coupling circuit 21-2 to output terminal 
18C, which outputs the center audio channel. Third transducer 20-3 is positioned to the right 
Q of and typically forward of passenger location 12RF, such as in the right front car door, and 

J* is coupled by processing and coupling circuit 21-3 to output terminal 18R, which outputs the 

U1 15 right channel audio signal. Fourth transducer 20-4 is positioned to the right of and typically 
h] forward of location 12RR and to the right of and behind right front passenger location 12RF, 

such as in the rear right car door, and is coupled by processing and coupling circuit 21-4 to 
output terminals 18C, 18R, and 18RS, which output the center audio channel, the right audio 
channel, and the right surround audio channel, respectively. Fifth transducer 20-5 is 
20 positioned to the left of and typically forward of passenger location 12LR and to the left of 
and behind left front passenger location 12LF, such as in the rear left car door, and is coupled 
by processing and coupling circuit 21-5 to output terminals 18C, 18L, and 18LS, which 
output the center audio channel, the left audio channel, and the left surround audio channel, 
respectively. Sixth transducer 20-6 is situated behind passenger locations 12LR, 12CR, and 
25 12RR, such as on the left side of the rear parcel shelf 22, and is coupled by processing and 
coupling circuit 21-6 to output terminal 18LS, which outputs the left surround channel. 
Seventh transducer 20-7 is situated behind passenger locations 12LR, 12CR, and 12RR, such 
as on the right side of the rear parcel shelf 22, and is coupled by processing and coupling 
circuit 21-7 to output terminal 18RS, which outputs the right surround channel. In place of, 
30 or in addition to, sixth and seventh transducers 20-6 and 20-7, may be optional eighth 
transducer 20-8, situated behind passenger locations 12LR, 12CR, and 12RR, such as in the 
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center of the rear parcel shelf 22, and is coupled by processing and coupling circuit 21-8 to 
output terminals 18LS and 18RS, which output the left surround and right surround audio 
channels, respectively. If the audio system has a center surround channel (not indicated in 
this figure), eighth transducer may be coupled by a processing and coupling circuit to the 
5 center surround channel output terminal. 

In other embodiments of the invention, the bass frequencies of some or all of the 
directional channels (L, R, C) are combined and radiated from a woofer transducer (not 
shown), and the other spectral portions of the directional channels are radiated as discussed 
in the paragraph above. 

10 The effect of the embodiment of FIG. 1 is that the occupants of passenger locations 

12LF and 12RF hear sound waves corresponding to left audio channel L principally from 
first transducer 20-1. (Hereinafter, sound waves corresponding to left audio channel L will 

□ be referred to as "left channel sound," sound waves corresponding to right audio channel R 
ri; will be referred to as "right channel sound," sound waves corresponding to center audio 
^1 15 channel C will be referred to as "center channel sound," and so on). Occupants of passenger 

!s s. 3 

L; j locations 12LF and 12RF hear center channel sound principally from second transducer 20-2, 

'%t hear right channel sound principally from third transducer 20-3, hear right surround channel 

* sound principally from fourth transducer 20-4, and hear left surround channel sound 

Cl principally from fifth transducer 20-5. Occupants of passenger locations 12LR, 12CR, and 

20 12RR hear left channel sound principally from fifth transducer 20-5, hear center channel 

□ sound principally from the combination of fourth transducer 20-4 and fifth transducer 20-5, 
hear right channel sound principally from fourth transducer 20-4, hear left surround 
principally from sixth transducer 20-6 and hear right surround principally from seventh 
transducer 20-7. 

25 Processing and coupling circuits 21-1 through 21-8 may contain a combination of 

analog signal processing devices, digital signal processing devices, digital to analog 
converters, analog -to-digital converters, and amplifiers. If processing and coupling circuits 
21-1 through 21-8 couple more than one output terminal 18 with an electroacoustical 
transducer, the processing and coupling circuit combines the signals, and may adjust the 

30 amplitude of the signal to an appropriate level. Processing and coupling circuits 21-1 
through 21-8 may be physically positioned at any point between multichannel signal source 
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16 and the electroacoustical transducers. Processing and coupling circuits may share a 
common location and may be implemented on a single circuit board or in the same device. 

To account for the varying distances between the transducers and the listening 
locations, the audio signals to some of the transducers may be scaled by the processing and 
coupling circuit. In one embodiment, the audio signals to processing and coupling circuits 
21-4 and 21-5 are scaled as xR+yC+zRS and xL+yC+zLS, respectively, where x=1.0 5 y=0A, 
and z=2.0. Other values for x 9 y, and z may be selected based on the acoustic characteristics 
and the geometry of the vehicle cabin. 

An audio system according to the invention is advantageous because it provides full 
surround to all occupants of a passenger compartment with relatively few transducers at 
acceptable sound levels for all passengers. 

What is claimed is: 




